INTRODUCTION
Background: Systemic antibiotics account for more than one-third of all prescriptions in children; hence, antibiotic prescriptions in children are a major public health concern. Moreover, data regarding rational antibiotic use in children is very limited. Hence, it is essential that the antibiotic prescribing pattern be evaluated periodically for its rationality of use and cost. The aim of our study is to identify the prescribing pattern and to carry out direct cost analysis of antibiotic use in the patients admitted in pediatrics department of a tertiary care hospital of North India. Methods: The study was conducted for two months (June, July, 2012) in pediatric ward and ICU. The data regarding patient demographics and antibiotic use was collected daily in a structured proforma. A descriptive analysis of the data was done. Results: A total of one hundred and ninety one patients were enrolled, most of them belonging to the age group 2-14 years. Majority of them were male pediatric patients (75.9%) with mean age of 4.6 years. On an average 1.9 AMAs were prescribed per patient. The most common AMAs prescribed were cephalosporins followed by aminoglycosides. The preferred route of administration was injectable (92%). The average direct cost of treatment per patient was estimated to be Rs. 3338. The percentage of drugs prescribed by generic name was 58%. Conclusions: Male pediatric patients have better access to tertiary medical care as compared to female pediatric patients. The average number of anti-microbials prescribed is 1.9 which is not too high. Newer generation of antibiotics are more commonly prescribed leading to increased cost of therapy. This baseline study will help in formulating an antibiotic policy and standard treatment guidelines for appropriate use of antibiotics.
Key words: Antibiotics, antibiotic resistance, pediatrics, pharmaco-economics, prescribing pattern trends in clinical settings and the associated adverse drug reactions which will serve as a baseline data for formulating standard treatment guidelines to promote rational antibiotic use. Evaluation of prescribing pattern will also help in minimizing adverse drug reactions as children are more susceptible to them and it shall also aid in providing cost effective medical care. 8, 9 Therefore, this study would help us to monitor the prescribing pattern and cost of antibiotics so that these can be used judiciously.
METHODS

Study design
This was a hospital based prospective and observational study carried out over a period of two months (June and July, 2012).
Study population
The study was done in the Department of Pediatrics of a tertiary care hospital in Northern India. The data was collected from patients admitted to pediatric ward and ICU over these two months. The hospital caters to both urban and rural population. Most of the patients belong to middle and upper strata of the society.
Sampling method
All the patients up to the age of 18 years who were on antibiotic prescription and were willing to give consent were included in the study. The pediatric ward and ICU were visited on all seven days of the week and information regarding the patient demographics and antibiotic use were recorded in a semi-structured proforma. A total of 225 patients were screened out of which 26 patients were not prescribed any antibiotic and 8 patients refused to give consent. These patients were excluded from the study. The remaining 191 patients were included in the study.
Ethical approval
The study was approved by the Institutional Ethics Committee. The consent forms in all the three languages prevalent in the region (Punjabi, Hindi and English) were made available and consent of each patient/guardian was taken.
Data analysis
The prescriptions were analyzed for the average number of antibiotics per encounter, percentage of encounters with an antibiotic prescribed, route of administration based prescription pattern, group wise prescription of antibiotics, percentage of antibiotics prescribed by generic name, percentage of antibiotics prescribed from the WHO essential drug list, outcome and cost analysis. The data was pooled and descriptive analysis done. The results were presented as mean and percentages.
RESULTS
A total of 191 pediatric patients fulfilled the inclusion criteria and were enrolled. Out of them, 145 (75.9%) were male and 46 (24.1%) were female. The age wise distribution of patients is depicted in Table 1 .
The timing of delivery with respect to gestational period was also studied and 169 (88%) deliveries were conducted at term gestation, 10 (5.23%) deliveries were preterm and 12 (6.28%) deliveries were conducted at post term gestation.
Average no. of antibiotics received per patient was 1.9. Percentage of encounters with an antibiotic was 91.6%. Parenteral drugs constituted 92% of the total number of AMAs prescribed. On analyzing the route of administration of drugs 330 (92.21%) were given parenterally, 24 (6.70%) were given through oral route, 2 (0.55%) were given intramuscularly and 1 (0.27%) each was given intraocularly and topically.
The major complaints of the patients were fever and other symptoms related to respiratory and GI system for which they were prescribed antibiotics. The most common antibiotics prescribed were cephalosporins (39%) followed by aminoglycosides (23%), fluoroquinolones (11%), and beta lactams (9.9%) (Excluding cephalosporins), miscellaneous (7.9%), anti-anaerobic (metronidazole) (4.8%) and macrolides (4.8%). The pattern of antibiotic prescription is depicted in Figure 1 .
The subgroup analysis of prescription of cephalosporins is shown in Figure 2 . Amikacin (87.7%) among aminoglycosides; amoxicillin plus clavulanic acid (20%) among beta lactams (except cephalosporins) and ofloxacin (52.5%) among fluoroquinolones were prescribed most commonly.
The average duration of stay of patients was found to be 10.8 days. The overall rate of single drug prescription was 17% and that of fixed drug combinations was 4%.
And out of the total number of AMAs prescribed, generic prescription rate was 58%. Overall, 86% of the total drugs were from the WHO List of Essential Medicine, 2010.
A favourable outcome was seen in 84.7% of the patients. Average expenditure of the AMAs per patient for the total hospital stay was Rs. 3338. The cost incurred on different group of antibiotics is depicted in Figure 3 .
DISCUSSION
The present study provides us with an overall pattern of antibiotic use profile in patients admitted in pediatric ward and ICU in a tertiary care hospital. Majority of the patients were males as was also seen in another study. 10 This can be attributed to the prevalence of gender inequality as a result of which males are preferentially taken to tertiary care institutes for treatment as compared to females with a similar severity of illness. 11 Another observation was the greater number of full term deliveries, hence pointing towards the better antenatal care of the patients catered by our hospital.
Majority of the patients (91.6%) were prescribed at least one antibiotic which is many times more than what was found in another study. 12 The average number of antibiotics being prescribed per patient is 1.9, which is less than that observed in a similar study conducted in pediatric patients. 13 As already mentioned, total antibiotic usage included both intravenous and oral antibiotics, of which beta-lactams (cephalosporins the most) were maximally prescribed followed by aminoglycosides which is also the trend seen in another study.
14 Among the beta-lactams, cephalosporins were prescribed maximally, which is similar to another study. 13 Third generation cephalosporins were prescribed more frequently, which may be because ours is a tertiary care hospital and patients would have already been administered and probably developed resistance to lower generation antibiotics like co-trimoxazole, chloramphenicol, penicillinase resistant penicillins (methicillin, oxacillin, cloxacillin) etc., Culture sensitivity was done in most of the patients but due to prior exposure to antibiotics (before reaching the hospital), the cultures are negative most of the times.
Majority of the drugs were given by intravenous route followed by the oral route as also identified in a study conducted on antibiotic use in pediatrics. 15 This mainly indicates that patients in wards or ICUs necessarily require the IV route for urgent control of infections and to minimize morbidity as compared to oral route.
Although according to our study, there were a fairly good percentage of prescriptions by generic names but there is still a long way to go before we thoroughly inculcate this habit which will again help in reducing the cost, as was also concluded by another study. 16 Thus, more information about generic drugs and more research in the field of pediatric pharmacology are needed for increasing generic medicine prescription rate. 17 The average cost incurred per patient was Rs 3338. Beta lactams followed by aminoglycosides accounted for the maximal cost of the antimicrobials. Miscellaneous antibiotics which included Vancomycin, Linezolid, Tigecycline, Bacitracin and Doxycycline also contributed to a significant extent to the total cost of AMAs (Figure 3) . Patients reach tertiary care hospital (like ours) in advanced stage with prior appropriate/inappropriate exposure to antibiotics and it becomes an absolute necessity to use higher generations of antibiotics. This leads to increased Moreover, due to feasibility purpose, we are mentioning only the direct cost of the antibiotics, whereas there are various indirect expenses involved in a patient's hospital stay which cost the patient many times more.
To conclude, male pediatric patients have better access to tertiary medical care as compared to female pediatric patients. The average number of anti-microbials prescribed is 1.9 which is not too high. Newer generation of antibiotics are more commonly prescribed leading to increased cost of therapy.
Antibiotics are the most commonly prescribed drugs in pediatric population, thus special measures are imperative for their rational usage to prevent emergence of resistance. 14, 18 This preliminary study has given an insight into the pattern of AMA prescribing upon which future intervention studies may be based to promote rational drug use. Antibiotic policy and standard treatment guidelines are being framed.
Although our study has been conducted using a reasonably good sample size making various parameters quite trustworthy but the limitation of our study could be the smaller sample size. The robustness of our findings could have been increased by an even larger sample size had the duration of study been longer. Another limitation is that it is a single centre study, hence the validity of findings would increase if it is a multi-centre study.
As number of pediatric drug utilization studies is very small, we must seek ways and means to rationalize and prioritize which antibiotics must be prescribed in pediatric patients who would maximally benefit from them as was the aim of another study. 19 This would be best articulated through preparation and circulation of standard treatment guidelines (STG) which is the ultimate goal of our study.
